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[57] ABSTRACT 

A plasma processing apparatus including a microwave 
generator, a waveguide for supplying microwaves gen- 
erated by the microwave generator, a cavity resonator 
for resonating the microwaves supplied by the wave- 
guide, and a plasma processing chamber. The plasma 
processing chamber is coupled to the cavity resonator 
for receiving resonated microwaves therefrom and for 
generating a plasma therein. The plasma processing 
chamber is provided with a stage for holding a substrate 
for plasma processing, and apparatus for introducing a 
plasma processing gas to the plasma processing cham- 
ber for exhausting gas therefrom. A separation plate 
separates the cavity resonator and the plasma process- 
ing chamber and enables resonated microwaves to be 
transmitted therethrough from the cavity resonator 
means to the plasma processing chamber. A slot plate 
functioning as an antenna is disposed in the cavity reso- 
nator in opposition to a surface of the substrate for 
enabling radiation of the resonated microwaves to the 
plasma processing chamber through the separation 
plate, the slot plate including at least one set of circum- 
ferentially extending slots for enabling radiation of reso- 
nated microwaves. 

49 Claims, 11 Drawing Sheets 
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FIG. 15 




09/05/2002, EAST Version: 1.03.0002 



US. Patent Jan. 15, 1991 Sheet 11 of 11 4,985 
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during microwaves from the microwave oscillator, a 
APPARATUS FOR PLASMA PROCESSING cavity resonator for performing resonance of the micro- 

APPARATUS FUR ^ma wave introduced by the waveguide, a plasma process- 

BACKGROUND OF THE INVENTION ing chamber provided with a stage to hold a substrate 

* ALJUJ , , „ . . 5 for the plasma processing and connected to an exhaust 

The present invention relates to manufacturing of & mtroduc ing device to introduce the 

semiconductor elements using low-temperature plasma, processing gas, a separation plate for transmit- 

and more particularly to a nncrowave plasma ^ g«J P subjected to resonance by the 

tag apparatus of a cavity resonance ^^tete « ^ for ^ ^ cavity ^tor 

processings such as etching, CVD, ashing or the like " > nrocessing chamber, and a slot plate 

Processing such as etching, CVD, sputtenng or the ^J^^!^ dispo^ in the cavity 
like using microwave plasma <^ b £ SaT^attobTopposed to Sbstrate surface for 

technology to fine pattern forming and film forming of ~° r ^crowav« subjected to resonance by the 
^"f^rrhv microwaves is broadly classi- cavity resonator and forming a slot of small width with 

SKoo Cycle- » the longitudinal direction directed to the cbcumferen. 
^nn^^Sn^ing a resonance phenomenon tial direction, wherein the microwaves raduited from 
SSKSr^ elec- the slot of the slot plate are supplied to the plasma jwo- 
^n^m^ cessing gas introduced in the plasma prc^mg cham- 

™ toTma^etic field and frequency of micro- ber so as to generate plasma, and the 
v^ves, and the other is cavity resonance system where 20 acts on the substrate uniformly by double polarity di- 
electric field intensity of microwaves is strengthened by sion. . 
a cavity resonator, and free electrons existing in the According to a feature of the present invention i the 
soace are accelerated by the strong electric field s i ot p i at e forms a slot of small width m a single or dou- 
whereby plasma is generated. The former system is We structure with the longitudinal direction directed to 
disclosed in Japanese patent application Laid-Open No. 25 ^ circumferential direction, and the center position ol 
13480/1981 and No. 155535/1981, and further improve- ^ outside slot is disposed outwardly with respect to 
ment thereof is disclosed in Japanese patent application ^ outer circumferential position of the substrate, 
laid-open No. 13575/1987. The latter system is dis- ^ accordance with another feature of the present 
closed in Japanese patent application Laid-Open No. mve ntion, the slot plate forms a set of slots of small 
96841/1981, and further improvement thereof is dis- 30 widt j l t ^ e longitudinal direction directed to the 
closed in Japanese patent application Laid-Open No. circumferential direction, a diameter of the set of slots 
163088/1988. Problems to be Solved by the Invention of ^ ^ pIate 0.75-3 and preferably 1-3 times 
When the ECR system is used, since energy of micro- the distance between the substrate and the separation 
wave is transferred to electons by the resonance phe- plate ^ 

nomenon, the electric field intensity of the microwave ^ According to a further feature of the present inven- 
required for generation and maintaining of plasma may ^ ^ gk)t plate f orms s i ot3 delimiting a cross-sec- 
be weak. In the ECR system, however, since a magnetic of 5_ 130 C mi so as to enable microwave 

field is required, a problem exists in that improvement power density radiated from the slots to be 1 W/cm 2 or 
of uniformity of the plasma is difficult more , and the plasma processing gas introduced in the 

The cavity resonance system is a system to solve this w ^ processing chamber by the microwaves radiated 
problem and is also disclosed in U.S. Pat No. 4,776,918 ^ ^ ^ of ^ ^ pJate m ignited to enab i e the 
wherein a cavity resonator is separated from a plasma , ma tQ ^ generated. 

production chamber by a ceramic or quartz plate ana a * Accor ding to other features of the present invention, 
slit plate is provided. However, also in this cavity reso- wfaen ^ slotg of ^ slot plate ^ arranged in plural 
nance system sufficient consideration has not been « stnicturCt a widtn dimension in the radial direction of 
given to ensuring that the plasma is processed uniformly ^ ^ fe formed narrow m comparison to that of 
and stably. the outside slot so that the uniformity of the plasma to 

MjmrpT/va the substrate is improved. Further, with the slots of 

SUMMARY OF THE INVENTION ^ JJ^ structureSf / ratio of openillg area of the inside 

^ .„ , slot to the opening of the outside slot is made less than 

It is an object of the present mvention to providea ^^^^ toofthese tof inside slots to diame- 

plasma processing apparatu^ofcavrty resonance system outs idesl<>ts so that the uniformity of the 

where processing such as CVD, etching, ashing or the "^J^SSwbstntte is improved, 

like can be performed uniformly throughou the whole P^^J^f^ ^ p Lent invention, a plasma 

surface of the substrate utilizing diffuston of plasma^ 55 ^ ofacavity resonance system is provided with 

Another object of the present invention u. to provide ^ ^geme* installed in the 

a plasma processing apparatus of a cavity resonance Ute % ^ ^ KaoBS e3dsting in the 

system where generated plasma can be !^ ^ vSJtf the slot ar accelerated by the 

bly.^pi^^«CVD,*^-lm«ortte ££££ » fro|n tte ^ mi me diffusion 

like can be performed stably. . ohenomenon to the substrate surface is not lost 

A further object of the P re ^ nt "^f^^.^ ^o^nce '^oX^to Futures of the present invention, there 

a plasma processmg ^mESHS are provided control of the opening amount of the slots 

system where .^^J*Vf™^. JSKte £j tfthe slot plate control of the microwave power, con- 

processmg such as CVD, etching.^hmg or the wee can 0 f the microwave, or setting of the 

prises a microwave oscillator, a waveguide for intro- maintaining the plasma later. 
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a plasma processing apparatus of a cavity resonance 

system has a stub tuner installed to the ™^ » JTS ^becom« S by the double polarity 
that the impedance of microwaves to be inputted to the the plasma oecomes um 

cavity resonator can be adjusted. Also, the »ode tf the 5 *™££v invention as above de- 

cavity resonator is the E mode so that radiaUon perfor- *~ or ^ ^ s ^ der slots in single or double 
manceof the microwaves are improved. Additionally, a "™e substrate surface and 

number of bio WK>ff ports of the plasma processing gas J^J™ Jg^^ dirc ction directed to the 
of the gas introducing a^angement^ Sr^mfcTentia^ and the center position of the 

plasma processing chamber Outside slot is disposed outwardly with respect to the 

outside of the substrate in a nearly ^ Q ™^"™ ° utcr circumferential position of the substrate, the 
a CVD film can be formed uniformly on the subs***, omer vicmityof the slot are the generating 

The number of blow-off ports of the plasma processing P*sn» it ^ ^ ^ 

gas of the gas introducing arrangement connected £ substrate surface, whereby uniformity of about 

the plasma processing chamber may d*™^ *e l0 % to the whole or entire surface of the substrate can 
provided on the lower outside of the substrate in a > ^ ^ cyD apparatus with the distance G 
nearly uniform pitch, and a bias voltage device for ap- ^ ^ ^ JepMdon pIat e being 80 

plying bias voltage to the stage being provi so tot more or m ^ etching apparatus not requiring 

etching processing can be performed uniformly to the ^ ^ 

substrate. ^ According to another construction of the present 

A plasma processing apparatus of a cavity resonance mvcntion J described, since slender slots are 
system in accordance with the present invention in- opposea t0 ^ substrate surface and formed with the 
eludes a heater for heating the substrate so that icvu ^^4^ dire ction directed to the circumferential 
film of good quality can be formed on the substrate. dir ^ tion wd the diam eter D of the slot of the outer- 
Further, a cooling device for cooling the substrate may ^ circumfcrcncc b formcd m 0.75-3 times of the 
be provided, and a bias voltage device for applying bias distancc G between the substrate and the separation 
voltage to the stage being provided s that etching pro- (0.75-3) XG), that is, as the distance G be- 

ccssing can be performed without causing damage to the substra te and the separation plate becomes 

the substrate. 30 large in range of 30-300 mm, the diameter D of the slot 

In the case of the cavity resonance system of the rf outennost circumference is enlarged from rela- 
present invention, when there is no magnetic field, dil- ^ Qf 75 _ 3)x Gt the plasma from the vicimty of 
fusion of the plasma is large and uiiiformizatton is easy. ^ ^ ^ ^ gCTieratmg source is diffused in the double 
However, microwaved scarcely travel in the plasma of larity diffus i on and acts on the surface of the sub- 
high density <10">-10i», cm-*) but are absorbed by the ^ whcrcby uniformity of about 15% to the whole 

plasma in the vicinity of the supplied portion. That is, suffacc of thc substrate can be obtained, 
the angular frequency tap of the plasma oscillation is ^ ^^wave is subjected to resonance by the 

given as follows. cavity resonator, a phenomenon occurs that the surface 

current flowing through the resonator is different de- 
<ap=*nn.?/me ^ p^^g on location. In the slots as shown in FIG. 2, the 

small width direction is provided in the orthogonal 
n.: electron density of plasma direction to the surface current, and the charge of the 

e: electron charge surface current is stored on both ends of the slot and 

me: mass of electron varied m th e frequency of the microwaves whereby the 

Consequently, when the electric field of the angular ^ ^ ^tween both ends of the slot is 

frequency a> is applied from the outside, under the con- ^ ^ microwaves m radiated. Consequently, 

dition of a><G>pl, the electric field from the outside is radiated microwave power is proportional to the 

eliminated by moving of electrons and cannot be propa- dcnj . ity ^ causcs no problem in the 

gated in the plasma. For example, microwaves o U4 casc the current density in the position of providing 
GHz arc not propagated in the plasma with plasma ^ shown in FIG. 2, but indicates that 

density being n.=7.6X M>«> cm-» or more but area^ *> ^ of ^ ^crowave power radiated in the inside 
sorbed by the plasma in the vicinity of the slot whereby ^ ^ ^ m when the slots 

the vicinity of the slot may be made the generating ^ stnicture and the inside slot and the 

source of the plasma. In the present invention, since ^ ^ diffcrent m ^ surface current density, 

there is no magnetic field and diffusion of the plasma &nsequcntly> m the slot constitution of double or triple 
becomes double polarity diffusion, the plasma spreads corresponding to the surface current density 

in the double polarity ^^^J^J^J^l depending on the slot position, length of the slot, thick- 
ating source in the vicinity of the slot and disappears* *~ ^ ^ ^ q{ thc ^ md the Uke m 
the inner wail surface of the plasma processing chamber microwave power radiated from each 

and the substrate surface. The double polarity diffusion vanea ^ ^ ^ microwave power radiated 

Da representing characteristics of the double polarity ^ ^ fa ^ m comparison to that 

diffusion is given by following formula. radiated from the outside slot, whereby the plasma 



(2) density can be made uniform throughout the whole 



Da-pi (kT*/*) surfacc of thc substratc . That is, since the partial surface 

65 area of thc substrate is expressed by *S=2 Trrdr and 
pi: ion mobility f ^ het ^ microwave power is radiated in the strength 

k: Boltzmann s constant he radiation ^gie 0 to the vertical 

Te: absolute temperature of electron ^ of the generating source, the plasma density be- 

e: electron charge 
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substrate, whereby the ™^ SSLS^Spm^ the region capable of 

ff£b^tSi1ffi^« theabl^.ionofthenucrowave.inthisregionisneces- 

S*!iV!ESS. ^U^-J-f ^^J^JSS. of the micro- 

much rmorowave power need not be rod,- J^J*™"* free JLrons existing in a 

per the opening area receiving the supph^ mcrowaves mat w power exist in compari- 

^av^er^ SH^easing the microwave power as above oe- 

made 1 W/cm* or more, wh^eby the rmcrowaves can scnbecL ^ ^ of the 

must be increased and its realization is problematic : and the annuL slots in plural struc- 

5,1,811 T S5 £ ST* « STSLm th'e angular slots in piural 

«^cely absorbed but s^aa. structure is installed and the plasma is generated in the 
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intensity are n^ted^m the dot f J^^T^J ™tus of the invention is applied to CVD; 
plasma can be generated easily. On the °* cr 12 is a ^ G f a plasma processing 
the plasma generation, the slot locking ^*f°*** 5 apparatus 0 f a further embodiment of the invention 
operated and the slot at the center is locked « <M apga^ ^ sUbilizcd; 
whereby microwaves are radiated from only tne slot at ^ ^ fa & of a plasma processing 
the periphery. In this case, the electric field intensity of ^ of mother embodiment of the invention 
the radiated microwaves is small in comparison to the ^ ^ gcneration ^ sta bUized and the pro- 
case at the center, but is sufficient to maintain the gener- ^ ^ u uniformi2ed; 

ated plasma. Thereby, at the position of generating the pIG J4 fa a plan ai ustratmg details of a part of 

plasma, the plasma density on the wafer becomes uni- ^ structure of the embodiment shown in FIG. 13; 

form in comparison to the case that the microwaves are FIG 15 j s a sectional view of another embodiment of 

radiated also from the slot at the center. As a result, the ^ mvention w h C re the plasma generation is stabilized; 

uniformity of the wafer processing is improved and the ^ ^ 

plasma can be generated easily. FIG. 16 is a diagram illustrating matching character- 
Also when the slot at the center has a small width in of a stub tuner shown in FIG. 15. 
comparison to the slot at the outer circumference and tyetatt FH DESCRIPTION OF THE 

center is in the region having the high density of the 20 riv ^ 1 . 

surface current, whereby microwaves of high power Referring now to the drawings, there is shown m 
density and strong electric field intensity are radiated in na t a plasma processing apparatus including a cavity 
the processing chamber. Therefore, even if the im- rcso natorl in the form of a circular cavity resonator of 
oressed microwave power is not increased, the plasma Eoi mode, wherein microwaves of 2.45 GHz are sup- 
can be easily ignited by low power. Also since the slot 25 plied from a magnetron (microwave oscillator) 3 
* the center has a small opening area, the microwave through an isolator 20 and a stub tuner 21 mstalled on a 
power radiated from the slot occupies a small ratio to waveguide 22. In order to improve the couplmg with 
Ae whole microwave power radiated from the cavity the Eo, mode, mounting of the stub tunc, : 21 is per- 
re^or into the processing chamber, and the radiated formed in an eccentric state to the circular cav^yreso- 

EST., l — — > ^-££S-ftfSKSS" 

of the present invention will become more apparent ^ ™° ovidc S ^th siots 5a as shown in 

from the following description when taken mconnec- ^^jg^'^Ste. of slots 5a is 2-10 in a 
tion with the accompany " £V^S« each slot having a length 

the purposes of illustration only, several embodiments awidth 5-20 mm, are arranged at regular 

in accordance with the present mvention. intervals on the circumference of <f>60-350 mm, and the 

BRIEF DESCRIPTION OF THE DRAWINGS opening area is 5-130 cm*. Each slot 5a has a length of 
, w ^. . , 40 6 5-25 mm, but if the inside slot plate and the outside slot 
FIG. 1 is a sectional view of an embodunent of a ^ ^ ^ by memberSj it is apparent 

plasma processing apparatus m accordance with tne ^ ^ ^ fa ^ ^ connected m sing i e structure, 
present invention; From the viewpoint of uniformity of the plasma, the 

FIG. 2 is a plan view of a slot plate used in the plasma ^ man &d in single structure substantially 

processing apparatus shown in FIG. 1; 45 ont h e external shape position of a substrate 12 as shown 

FIG. 3 is a diagram illustrating a relation between ^ ^ j of Qn slightly to the outside thereof, 

etching characteristics of a silicon oxide film and a slot H OWC yer, when etching is performed to an oxide film 
plate in an embodiment of the invention; suc jj ^ siOi* thereby drawing many ions into the sub- 

FIG. 4 is a diagram illustrating etching characteristics ^ Qt when ^ gap q between the substrate 12 

(plasma density distribution) of a silicon oxide film from x ^ a jcpara^n pi atc 4 formed of quartz or the like is 
a relation between a distance between a separation plate madc about 30 mm, and if the slots 5a in a single struc- 
and a substrate and diameter of a slot of a slot plate in turc haying a diameter about 180 mm are formed, since 
FIG. 3; the plasma is not supplied to the center portion (inside) 

FIG.' 5 is a plan view illustrating a state of ions inci- of mc su bstrate 12 so that the etching property becomes 
dent from plasma generated in the vicinity of a slot at 55 badf m order t0 compensate therefor, an the inside slot 
the outside position and the inside position of the slot jiving a diameter of about 60 mm must be provided at 
with respect to the surface position of the substrate; t h c center portion. Also in the case of a plasma process- 
FIG 6 is a diagram illustrating radiation characterise ing ga s not being able to be ignited, an inside slot of 
tics of microwaves in an embodiment of the invention; a bout 60 mm may be provided at the center position 
FIG 7 is a diagram illustrating a relation between & (inside) where the surface current density becomes 
microwave radiation characteristics and microwave high. However, it must be considered that the are is 
ZTJdZi™* an embodiment of the invention; made as small as possible and the umformity of the 

FIG 8 is a plan view of a slot plate used in etching of plasma processing is not deteriorated «yi"^«y- 

vi fim As shown in FIG. 1, a processing chamber 6 exists 

3 nT9Taplan4wofanotherslotplatewMch^ 65 under the cavity resonator 1 an d >* "P^* * c 
fawro^rfffae slot plate shown in FIG. 8; separation plate (quartz plate 4, and has a sealed i struc- 

TZHff. W™*^* uniformity of etching ture in vacuum. The processmg <^^»g™" 
sp^ of a siheon^de film; with a stage 7 holding a substrate (wafer) 12, a gas 
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supply pipe 9 and an exhaust pipe 10. A plasma process- tance G between the substrate 12 and the separation 
^TSSStS^iSffi ''OA* other hand, as s^^OS since the 

the inside of the plasma processing chamber 6. The surtaee «mw ^suosira from 
cxhaustpipelOfecoimectedtoava^ Sar^^^^^ the slot is of circular shape, 

(not shown) so ^^^J^ff 2 *"£ SES^ta slot comes to the outside as shown 
6 can be controlled to pressure of 100-10 *] Pb. .The ^ ^^ence of the diffusion from the nearest slot 
stage 7 is insulated from the processing chamber 6 by an ««™^ becomes 
insulation material 8, and a high-frequency bias voltage ^^g^^ ^mity * rap idl y decreased at 
can be applied thereto from a^as power ^ ^oSfrom the position of the slot. Consequently, 
However, in order to form a CVD film to the substrate ™ imposed to the outside from the 

12, it is not necessary that the bias power source 11 » ^ circumference of Sesubstrate 12, whereby the 
installed and the bias voltage is applied to to stage 7. ^ ^ ^ performed through- 

When the plasma processing apparatus is used for etch- ^ ^ surface ofthe substrat e 12. That is, when 
ing or the like, the stage 7 is suppHed with a refrigerant ^ distancc G between the substrate 12 and the separa- 
from a chiller unit 15, and the stage 7 is cooled so that ^ 4 fa narrowed to ioo mm or less and the ion 
temperature of the substrate (wafer) 12 during process- ^ quantity mtr oduced to the substrate 12 is increased, 
ing such as etching does not rise. gince ^ p^ma density is decreased at the center por- 

Since the cavity resonator 1 has no magnetic field, the ^ of ^ substrate q the inside slot having, for exam- 
microwave radiated through the slot 5a into the plasma . diameter of about 60 mm is provided corresponding 
processing chamber 6 is almost absorbed in the vicinity tQ ^ ^^on of the substrate 12, whereby the 

of the slot This is because the microwave scarcely ^ y^^ty 0 f ±15% can be secured throughout the 
travels in the plasma with the plasma density being high wholc 3urface 0 f tne substrate. 
(10 10 -10 11 cm~ 3 ). Consequently, the vicinity of the slot Qn the other hand, in the case ofthe cavity resonator 
5a becomes the generating source of the plasma. Since of the present invention, it is inevitable for generation 
there is no magnetic field, diffusion of the plasma be- and maintaining of the plasma that the electric field 
comes double polarity diffusion. The plasma density ^ mten sity of the microwaves are strengthened and elec- 
distribution of the plasma processing chamber may be trcms accelerated efficiently and the number of elec- 
considered to be a mechanism wherein the plasma gen- trcms ^ increased. The electric field intensity of the 
erating source exists in the vicinity of the slot s that the microwaves depends on the microwave power supplied 
plasma spreads in the double polarity diffusion and t o the cavity resonator land the opening area of the slot 
disappears on the inner wall surface of the plasma pro- 35 ^ through which the microwaves are radiated. If the 
cessing chamber 6 and the surface of the substrate (wa- microwave power becomes large, the electric field in- 
fer) 12. tensity is strengthened, and if the opening area becomes 
On the other hand, in the etching of the silicon oxide small, the electric field intensity is strengthened. That is, 
film which best represented the uniformity of the the electric field mtensity of the microwaves are deter- 
plasma density throughout the whole surface of the 40 mined by the microwave power per opening area to 
substrate, the uniformity of the etching of the silicon wn i c h the microwaves are supplied. It has been found 
oxide film to the distance G between the substrate 12 by the experiment that the plasma can be maintained by 
and the separation plate 4 with a slot diameter of 100 impressing a microwave power of 1 W/cm 2 or more, 
mm, 150 mm, 200 mm is estimated by experiment as if the microwave power is increased and the power 
shown in FIG. 3. In this case, size of the substrate 12 is 45 density per the opening area is increased, the reflected 
A 150 mm. When the size of the substrate 12 becomes wave increases and the discharge becomes unstable, 
large such as <f»180 mm, +200 mm, both the distance G This is because the plasma density in the vicinity ofthe 
between the substrate 12 and the separation plate 4 and slot 5a becomes high and the microwaves are reflected 
the slot diameter seem to be shifted. That is, the experi- by the plasma and cannot be absorbed by the plasma 
mental result of FIG. 3 is represented by the uniformity 50 efficiently. Consequently, in such case, the width di- 
of the etching of the silicon oxide film in relation of the mension or the like of the slot 5a may be widened and 
distance G between the substrate 12 and the separation the microwave power per the opening area may be 
plate 4 and the slot diameter as shown in FIG. 4. This decreased. The power density which can maintain the 
relation is comparatively coincident with the relation discharge stably in such manner is usually about 30-50 
determined from the above-mentioned theory. 55 W/cm 2 , although being dependent on the type of the 
As a result, if the diameter Di of the slot 5a is made plasma processing gas. However, only when the micro- 
about 1-3 times the distance G between the substrate 12 wave power density per the opening area is made 
and the separation plate 4, a uniformity ±15% of the proper, the plasma cannot be generated stably. For 
plasma density can be well obtained. If the diameter Di example, if the opening area is made small, since the 
of the slot 5a is less than this value, the plasma density 60 impedance to radiate the microwave to the space be- 
at an intermediate position between slots becomes high comes large, the microwaves supplied from the micro- 
due to the double polarity diffusion from both slots, and wave oscillator (magnetron) 3 to the cavity resonator 1 
if the diameter Di is widened from this value, the are reflected and the supply becomes difficult Conse- 
plasma density at the intermediate position between quently, it is necessary that impedance radiating from 
both slots become low. Since the dimension Di of the 65 the slot 5a be made as small as possible. However, the 
nlasma processing chamber 6 or the cavity resonator 1 impedance becomes large not only when the opening 
must be usually formed larger than the slot diameter Dt, area is made small. Radiation of the microwave are 
it must be also made about 1-3 times or more the dis- different also depending on which direction the opening 
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is provided for the surface current flowing through the oscillator (magnetron) 3 and the stub tuner 21 is ad- 
Tf^rwaveSde 22 or the cavity resonator 1 justed. The oscillated microwaves are supplied _to the 
wS IT^S^ as a type of waveguide 22. cavity resonator 1 efficiently and radiated from the slot 
As sCwn^nG S the opening is provided in a 5a An isolator 20 is installed so that the magnetron is 
slot sW (having the longitudinal direction) in the 5 not rendered inoperable by microwave reflected micro- 
orthoRonal direction to the surface current, since the waves when the adjustment is insufficient. The supplied 
current is cut by the slot 5a the charge is stored on both microwaves are scarcely reflected, but rather are sup- 
ends of the slot 5a and varied in the frequency of the p iied to the cavity resonator by adjusting the stub tuner 
microwaves whereby the microwave is radiated from 21 so as to resonate within the cavity resonator 1 and be 
the opening portion (slot) 5a efficiently. On the con- io radiated from the slot 5a In the embodiment, smce the 
trary, if the opening having the longitudinal direction of opening area is 5.-130 cm and the microwave power 
slot shape is provided in the same direction as the cur- density utilized is in a range of 1-50 W/cm^, stable 
rent, since there is little charge stored on the parts sur- proC essing can be performed in the range of the micro- 
rounding the slot, microwaves are scarcely radiated wave power 2.5 W-5 kW. 

even if the opening area is large. Consequently, the 15 jj^ ctc hing characteristics of a silicon oxide film 
reflection becomes large also in such condition. according to the embodiment will now be described. 

Radiation performance of the microwave including HG 3 shows ^ for a s i ot diameter of 100 mm, the 
the opening shape of the slot, direction of the opening uniformity is best when the distance G between the 
or the like is represented by impedance of radiation of separation plate 4 which is disposed adjacent the slot 
the microwaves. That is, in order to generate the plasma 20 Ute 5 ^ thc su bstrate 12 is 50 mm. In the case of the 
stably, the microwave with the proper power density ^ diameter 2 Q0 mm, the distance G of 100 mm 
are supplied to the plasma processing chamber 6 and the fa ^ ^ ±c ctching 0 f the silicon oxide film, 

impedance of radiation must be proper. When the stub incide||t from ^ pi^a are the rate-determining 

tuner 21 with a voltage standing wave ratio up to 1U as foctor Qf ^ ctchingt Consequently, the uniformity of 
is conventionally being utilized, as shown in FIG. b, it 2 5 ±t ctchin fatc of the oxide film represents the 

the radiation impedance exceeds 10 ko, ratio of the plasma density distribution. Thus it 

reflected power is rapidly increased «*«^™ has ^ confirmed by the experiment that the unifor- 
power to the plasma becomes difficult such that mam- * when ihc diameter D, is 

taming of stable radiation also becomes difficult ngn otm P ^ the separation plate 

In order that the voltage standing wave ratio is fur- 30 
ther increased and the plasma ^ e e Sgof the sUicon oxide film, since ions are 

a condition of high radiation "n*dance, a ^TTn the rate^ete^ung factor of the etching, an increase 

£^t£ff impedance being „ necessary for high-speed processing the plasma densip; 
7high t 20ZZ romcSson to the caTof one stub on the substrate 12 :is decreased £ 
However since the adjusting bars of the stub between the separation plate 4 (the slot plate 5 and tfte 
« 21 be^me^ iTnumber and the adjustment substrate 12. Consequently, in the etching of the film, 
^^^mJ^M^m within thecavity since a decrease of the distance ^ween &e separa- 
SSrTbecomes high, the surface current is in- ^ tkm plate 4 (the slot plate 5) and the substrate ^12 * 
^ed and thTmicrowav^power is consumed and this 40 necessary, the distance G was set to 30 mm. In this case, 
fe^ompanied by a problem that the temperature of when only the outside slot is used, since the etehmg 
L cavity resonator 1 itself becomes high. Conse- amount at the center portion of the substrate becomes 
quently, the practical radiation impedance is 20 ko or small in comparison to the outer circumferential portion 
less The range for practical use, although depending on ^ the uniformity is deteriorated, and it is necessary ttot an 
the performance of the stub tuners, is a range wherein j^de slot be provided so that the slots are made double 
the radiation impedance is 20 k« or less as shown in or triple structure. When a slot 5a of single structure is 
FIG 7 In this range, the reflection is small and stable provided in the inside, an inside slot diameter of about 
use is possible. 60 mm becomes the optimum value when the diameter 

Thc radiation impedance is calculated by measuring 5Q 0 f t h e substrate is 150 mm. In this case, the microwave 
the voltage standing wave ratio in the tuning point radiation performance per unit opening area is different 
where the reflection becomes rninimum. The voltage between the inside slot 5a and the outside slot 5a. 
standing wave ratio p, is expressed in formula (3) by Radiation of microwaves from the slot 5a is per- 
reflection coefficient I\ The reflection coefficient is formed as shown in FIG. 2 in that the slots 5a extends in 
expressed in formula (4) by the input impedance Z. and H the ort hogonal direction to the surface current, and the 
load impedance Z as shown below. charge of the surface current is stored on both ends of 

the slots 5a and varied in the frequency of the micro- 
p ^(t + |r|)/(i-|r|) 0) wavcs whcrcby an electric field generated between 

( 4) both ends of the slot is varied and the microwaves are 
=(Z-z)/(z+^) go varied. Consequently, the radiated microwave power is 

SSSSES2SS - feri^ 

KS^sLTtoTprLurcof about 1 ft. Micro- inside slot 5a and the oute.de slot 

Sve of 2 45 GHz are osculated from the microwave surface current densrty as » the case of the double slot 
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arrangement shown in FIGS. 8 and 9, for example. the etching speed ratio to S1O2 of the ground film of 
Consequently, in the slot constitution of a double or Poly-Si and is preferably large. However, if the selec- 
triple structure, it is necessary for unifonnization of the tion ratio is large, the etching amount increases and the 
plasma density corresponding to the surface current accuracy is lowered. Considering these conditions, the 
density depending on the slot position, length of the 5 high-frequency bias voltage preferable for etching with 
slot, thickness of the slot plate, width of the slot and the high accuracy, high selection ratio and low damage is in 
like which are varied so that the microwave power the range of 25-150 V. Also if the S1O2 flow rate is 
radiated from each slot is made equal. When the diame- increased nearly in proportion to the increase of the 
ter of the slot 5a is only set to about 60 mm, about 180 SiOa flow rate, the selection ratio to S1O2 is varied in 
mm in the condition that influence of the diffusion of 10 similar manner. The uniformity is about ±3% and is not 
the plasma becomes uniform, this setting is insufficient varied much. The side etching amount is rapidly in- 
As shown in FIG. 8, the length of the inside slot 5a is creased when the SF 6 flow rate exceeds 30%, and the 
made as short as about 25 mm or the width is narrowed accuracy is lowered. In this case, the flow rate of about 
whereby the etching amount at the center portion of the 30% is the proper value. However, since these charac- 
substrate 12 is decreased and radiation performance of 15 teristics are significantly dependent on the type of gas in 
the microwave is lowered in order to realize the unifor- use, flow rate and pressure, the microwave power and 
miry of the microwave radiation power density. Thus, the like, it is necessary to estimate the proper values 
with a combination of the outside slot and the inside individually for these conditions, 
slot, the uniformity of the etching can be improved as In the case of etching, in some type of gas, when the 
shown in FIG 10. Although FIGS. 8 and 9 represent 20 gas stays for a long time m the plasma, the gas is decom- 
variation of the length of the slot, in order to vary the posed and bad influences may be produced. Conse- 
radiation performance, the width of the slot, the thick- quently, as shown in FIG. 1, the gas may be blown off 
ness of the slot plate or the like may be varied. uniformly through gas blow-off ports 102a provided at 
In the case of etching, an etching gas is supplied from regular intervals to the side wall (the outside of the 
the gas supply pipe 9. The etching gas is, for example, a 25 substrate) of the plasma processing chamber 6 at a 
mixed gas of BCI3 and d 2 in the case of forming an lower side of the generation of the plasma. When the 
aluminum wiring film, or gas such as SF 6 in the case of embodiment of FIG. 1 of the invention is applied to the 
pattern formed of polysilicon. The etching gas is sup- manufacturing of semiconductor elements, fine patterns 
plied, and on the other hand, it is blown off from the which are excellent in the uniformity can be etched 
exhaust pipe 10 so that pressure within the processing 30 stably, whereby semiconductor elements with nigh 
chamber 6 is held constant to pressure of about 1 Pa. reliability can be produced with good yield. 
Microwaves of 2.45 GHz are oscillated from the mag- The invention as applied to formation of a silicon 
netron 3. Next, the stub tuner 21 is adjusted, and the oxide film by a plasma CVD will now be described in 
oscillated microwaves are supplied to the cavity resona- connection with the embodiment shown in FIG. 11 and 
tor 1 and radiated from the slots So. By the plasma 35 which is similar to the case of etching. FIG. 11 is differ- 
generated in this manner, the etching gas (BCh+Ch) is ent in that a heater 16 is assembled to the stage 7 and the 
ionized and excited. Ions are accelerated by the high- substrate 12 can be heated to temperature of 400 C., 
frequency bias voltage applied to the stage 7 and are and that if the gas for CVD is blown off through a 
incident to the substrate 12. By these ions and the ex- number of blow-off ports 102a provided inuformly at 
cited radical, the etching of the Al film progresses. 40 nearly regular intervals from surrounding of the outside 
The etching of Poly-Si will be described. The mixed (side wall of a plasma processing chamber 6) close to 
gas of SF 6 and fluorine, as an etching gas, for example, the separation plate 4, the gas for CVD is mtroduced 
^supplied intotal flow rate 50 ml/min into the process- into the plasma uniformly, whereby a CVD film with 
ing chamber «, and pressure of the processing chamber good uniformity can be formed on the surface of the 
6 is adjusted to 13 Pa. The microwave power is made 45 substrate. S1H4 gas and N 2 0 or O2 gas and N2gas as a 
600 W in the substantial impressed power by subtract- dilution gas are combined, and the combined gas is 
ing the reflected power from the traveling power. Tern- supplied from a gas supply pipe 9 and is blown off 
perature of the stage 7 is controlled to 20* C, and the through the gas blowoff ports 102a of a gas supply 
periphery of the substrate (wafer) 12 is clamped and the chamber 102 into the plasma processing chamber 6. 
SF 6 gas flows to the rear surface of the substrate, 50 While exhausting is performed from an exhaust pipe 10, 
whereby the cooling efficiency of the substrate is im- the pressure within the plasma processing chamber 6 is 
proved. The high-frequency bias applied to the stage 7 controlled to pressure of 100-10 Pa. The substrate 12is 
has a frequency being 13.56 MHz, and is set in a peak-to- set to the stage 7, and its temperature rises to 300 -40Cr 
peak value, Le., Vpp.Thc distance between the separa- C. Microwaves of 2.45 GHz oscillated by the magne- 
tionplate 4 and the stage 7 is made about 150 mm. On 55 tron 3, and plasma is generated within the plasma pro- 
the other hand, if the high-frequency bias voltage is cessing chamber 6. The SM4 gas and the N 2 0 gas are 
increased to 0-150 V the poly-Si etching speed rises excited and decomposed by the plasma, whereby an 
sli ghtly but the side etching amount, the selection ratio Si0 2 film is formed on the surface of the substrate. In 
to Si02 and the uniformity are decreased. Particularly, the embodiment, a film can be formed without applying 
the side etching amount is significantly decreased by 60 the high-frequency bias voltage, but if the ^-Re- 
applying only 50 V, and etching of high accuracy hav- quency bias voltage is applied as shown in FIG. 1, the 
ing hardly any side etching is realized. Although not energy of the ions incident to the substrate can be con- 
shown, the deterioration rate of the lifetime, which is trolled and stress of the formed film can be controlled, 
the criterion of damage, varies nearly in proportion to The film forming speed becomes rapid by strengthen- 
the high-frequency bias voltage, but the deterioration 65 ing the microwave power, but if the microwave power 
rate in200 V is less than 10% and small damage is real- becomes nearly 1 KW, the film forming speed scarcely 
ized Also the uniformity has a quite small variation increases. Further if the microwave power exceeds 1 
value of less than ±3%. The selection ratio to Si0 2 is KW, reflection of the microwaves increases and the 
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discharge becomes unstable. Then the microwave processing chamber 6 uniformly. A bias power source 
power density becomes about 40-50 W/cm*. On the 11 is connected to the stage 7, and is covered through 
other hand, the film forming speed depends on the flow insulation material 8 by an earth or ground shield 104. A 
rate of the S1H4 gas, the microwave power, the prcs- choke flange structure is formed between the stage 7 
sure, and the distance between the separation plate 4 5 and the earth shield 104. A shield plate 105 is installed at 
and the stage 7. Since the plasma of high density can be the same height of the stage 7. The shield plate 105 is 
formed between the separation plate 4 and the stage 7, provided with an opening having size and shape suffi- 
the Sim gas supplied from the outer circumferential cient to prevent the passage of microwaves while re- 
direction at the upper side is almost decomposed, and mining the plasma processing gas to be exhausted. The 
contributes to the film formation. Consequently, the 10 space constituted by the processing chamber 6, the slot 
film forming speed is varied in proportion to the flow plate 5, the shield plate 105 and the stage 7 is set to 
rate of the S1H4 gas. As the microwave power is dimensions so as to form a cavity resonator. The space 
strengthened, the film forming speed is increased, and if has an E01 mode similar to the cavity resonator 1 in- 
the microwave power becomes 1000 W, the film form- stalled on the upper side, whereby coupling is lin- 
ing speed is apt to be decreased. Regarding the gas 15 proved. 

pressure, as the pressure is increased, the film forming A lighting window 106 is provided on the side jiur- 
speed is increased, but if the pressure exceeds 10 pa, the face of the processing chamber 6, and a detector 107 of 
increase of the film forming speed is apt to be retarded. plasma light emission constituted by a photo transistor 
Regarding the distance between the separation plate 4 is mounted thereon. The detector 107 is connected to a 
and the stage 7, as the distance is widened, the film 20 power source control unit 108, and if plasma is gener- 
forming speed becomes slow, and if the distance ex- ated within the processing chamber 6, the generation of 
ceeds 100 mm, the rate of decrease is lowered. A factor the plasma can be detected by the power source control 
significantly affecting the film quality is the ratio of unit 108. A magnetron power source 109 operates the 
flow rate of the SiH* gas and the N2O gas. The micro- magnetron 3 at a definite set output and at a modulated 
wave power, the gas pressure, the gas flow rate or the 25 output. The power source unit 108 is connected to the 
like have little influence on the film quality. In order to magnetron power source 109 so that the output of the 
control the film quality, ratio of the flow rate of N 2 0 magnetron power source 109 can be controlled, 
and SiH* is preferably made about between 1 and 3. The operation of the embodiment of FIG. 12 will 
According to the above-mentioned factors, a film with now be described. In the case of etching, etching gas is 
excellent uniformity can be formed uniformly, and 30 supplied from the gas supply pipe 9. The etching gas is, 
semiconductor elements with high reliability can be for example, a mixed gas of BC1 3 and a 2 in the case of 
produced with a good yield. The embodiment can be forming an aluminum wiring film, or a gas such as SF 6 
applied not only to etching but also to other processing in the case of a pattern formed of polysilicon The etch- 
using the plasma, such as plasma CVD, ashing and the ing gas is supplied, and on the other hand, it is blown off 
like, by changing the processing gas. 35 from the chamber 6 so that the chamber is held at a 

Another embodiment of the invention will be de- constant to pressure of about 1 Pa. The magnetron 
scribed referring to FIG. 12 wherein the cavity resona- power source 109 is operated, and microwaves of 2.45 
tor 1 is a circular cavity resonator of Eoi mode, and GHz are oscillated from the magnetron 3. Next, the stub 
microwaves of 2.45 GHz are supplied from the magne- tuner 21 is adjusted, and the oscillated microwave are 
tron 3 through the isolator 20 and the stub tuner 21 40 supplied to the cavity resonator 1 efficiently and radi- 
mounted on a waveguide 22. In order to improve the ated from the slots 5a The isolator 20 is installed so that 
coupling with the Eo 1 mode, the mounting of the stub the magnetron is not rendered inoperative by the micro- 
tuner 21 is performed in an eccentric state with respect waves reflected when the adjustment is insufficient The 
to the circular cavity resonator 1 so that the direction of microwaves resonate within the cavity resonator 1, and 
the electromagnetic field is matched in the resonator 45 are radiated through the slots 5a in the state of a strong 
and the stub tuner 21. The size or diameter of the circu- electric field intensity so that the plasma can be gener- 
lar cavity resonator 1 is <f>250 mm, and the slot plate 5 is ated stably. 

fixed to the side opposite the waveguide. The slot plate When the microwave power is about 250 W, the 
5 is provided with slots Sa as shown in FIG. 2, and slots plasma can be generated by only radiation from the slots 
of four pieces, each having length 65 mm and width 10 50 5a However, in the case of a gas such as SF 6 , if the 
mm, are arranged on the circumference of<}>150 mm. A microwave power is lowered, the generation of the 
processing chamber 6 exists under the cavity resonator plasma becomes difficult However, in the embodiment 
1 and is separated by a quartz plate 4, and has a sealed of FIG. 12, since the magnet 100 is installed a magnetic 
structure in a vacuum. The processing chamber 6 is field 101 is formed. Electrons existing at the space in the 
provided with a stage 7 holding a wafer 12, a gas supply 55 vicinity of the slots 5a are accelerated by the micro- 
pipe 9 and an exhaust pipe 10. A plasma processing gas waves radiated from the slots 5a. If the magnetic field 
is supplied to the gas supply pipe 9 from a gas source 101 does not exist, the accelerated electrons are lmmedi- 
(not shown) by a set flow rate. The exhaust pipe 10 is ately diffused, but if the magnetic field 101 exists, the 
connected to a vacuum exhaust pump (not shown) so accelerated electrons are bound by the electric field and 
that pressure of the processing chamber 6 can be con- 60 are always accelerated by the microwaves radiated 
trolled to pressure of 100-10 Pa. from the slots 5a, whereby neutral gas molecules are 

As shown in FIG. 12, a thin magnet 100 is installed ionized efficiently and the plasma can be generated even 
between the slot plate 5 and the quartz plate 4 and on a at lower microwave power (59-100 W). 
concentric circle with the slots 5a so that a magnetic Also in the embodiment of FIG. 12, control by the 
field 101 is formed. A gas supply chamber 10 is installed 65 power source control unit 108 can be effected so that 
at the outside of the processing chamber 6 so that the the supplied microwave power is increased and the 
plasma processing gas supplied from the gas supply pipe generation of the plasma is stabilized only at the initial 
9 is blown off through a gas blow-off port 102a into the state of supplying the microwave, and then the micro- 
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wave power is lowered after the plasma generation, fa stage 7 from the bias power source 11, and ions m Mthe 
methods of strengthening the microwave power before plasma are accelerated and incident to the water \l ine 
the plasma generation, the region of strong electric field stage 7 is cooled by a cooling mechanism (not shown) so 
intensity is widened and many free elections existing in that softening of a resist due to temperature nse of the 
the space are accelerated, whereby the probability of 5 wafer to 100' C. or more is prevented. According to 
ioniztagthe neutral gas molecules can be improved and such arrangement, ions with energy properly controlled 
the plasma generation is stabilized. As a control method and excited radicals axe uniformly supplied to the wafer 
of changing the microwave power, a method of 12, whereby the pattern with good accuracy can be 
strengthening the microwave power by a definite time etched uniformly. , 
at the initial state and a method of detecting the genera- 10 It is apparent that the embodiment of FIG. 12 can be 
tion of the plasma by the detector 107 and effecting applied not only to etching, but also to plasma CVD 
change of the microwave power in accordance there- and the like. In this case, the gas is changed to a film 
with may be utilized. forming gas, and in some case, the stage must be heated 

Further in such embodiment, the output voltage of to 300* C-400' C by a heating mechanism (not shown), 
the magnetron power source 109 is periodically varied, 15 Next, processing characteristics in the case of apply- 
whereby the microwave oscillation output of the mag- tag the embodiment of FIG. 12 to etching of an Al 
netron can be modulated. The method of modulating wiring film will be described A mixed gas of BC1 3 gas 
the microwaves is also performed by the same effect in and Ch gas is used as an etching gas. In tins system, the 
the method of increasing the power. That is, when the larger the distance G between die separation plate 
microwave power is modulated, the supplied power is 20 (quartz plate) 4 and the stage 7, the lower the plasma 
the same in comparison to the usual case that the micro- density on the stage surface. Consequently, if the dis- 
wave power is constant, but part of higher power and tance G becomes wide, the ion quantity necessary for 
part oflower power exist in comparison to the usual the anisotropic etching becomes small and side etching 
case That is, if the microwave output is modulated, becomes great If the distance is narrowed, the density 
even if the mean power is 100 W, maximum output at 25 distribution of the plasma becomes bad and uniform 
t>eak state can be made about 300 W, whereby the etching cannot be performed. The proper range of the 
plasma can be generated stably. Control of whether the distance G is 300 mm to 150 mm, but the processing can 
output of the magnetron is modulated or made constant be performed in an area outside tins range. In other 
can be performed by the power source control unit 108, processing such as ashing not requiring incident ions, no 
and themfcrowave power may be controlled as previ- 30 problem occurs even when the processing is performed 
ously described so that the modulated oscillation is in an area outside this range. 

performed before the plasma generation and constant The diameter of the slots amaged in rmg shape is 
oscillation is performed after the plasma generation. <f>150 mm in the embodiment of FIG. 12, but this applies 
In the embodiment of FIG. 12, the inside of the pro- to the case where the distance between the quartz plate 
ceasing chamber 6 is set to the dimension of the cavity 35 and the stage is 100 mm or more. V^w the dKtence is 
resonator, whereby the plasma can be generated even at 70 mm to 100 mm, the dimension of ^160-^180 mm is 
low microwave power. The opposite surface of the slot suitable. The pressure condition of about 1 Pa is suit- 
plate 5 forms a cavity resonator together with the stage able, and as the pressure becomes high, side etching is 
7 and the shield plate 105. Also since a choke flange liable to occur. In a low pressure condition, in order to 
structure is formed between the stage 7 to which the 40 perform the exhausting of the etching gas of the same 
bias voltage is applied and the earth shield 104, micro- amount, the exhausting capacity must be increased in 
waves donot leak out although the structure is insu- proportion to lowering of the pressure. Consequently, 
lated. The microwave radiated from the slots 5a are in an apparatus having large exhausting capacity, the 
strengthened by the above-mentioned cavity structure etching is possible even at the pressure condition of 0.5 
when the plasma is not generated so that the electric 45 Pa-0.1 Pa which is substantially lower than 1 Pa. 
field intensity of die microwaves at the entire structure A further embedment of the mvention will _ be _de- 
within the processing chamber 6 is strengthened. If a scribed referring to FIGS. 13 and 14 A stage _7 holding 
resonator structure is not provided, electrons are accel- a wafer 12 is surrounded by an insulator 8 and mstalled 
erated only in the vicinity of the slots So, but in the case at lower side of a processing chamber 6 A quartz plate 
of resonator structure, electrons are accelerated at the 50 4 is mounted through a seal » m air tightness on the 
entire structure within the processing chamber 6, upper side of the processing chamber 6. A cavity reso- 
whereby the generation of the plasma becomes easy and nator 1 is installed on the upper side of the quartz plate 
the plasma can be generated stably even at the micro- 4, and a slot plate 5 is fixed to the lower end of the 
wave power of abo^ 50 W. It should be noted that all resonator 1. A slidable lockrng plate 201 * stalled 
of the methods of stabilizing the plasma generation need 55 between the slot plate 5 and the quartz plate 4, and flie 
not be performed at the same time, but may be selected end of the locking plate 201 is connected to a cylinder 
and combined corresponding to characteristics of the 202. Processing gas, for example, a mixed gas of S1H4 
plasma processing as an object. and NzO in plasma etching, or a single or mixed gas of 

The etching gas is excited and ionized by the plasma halogen in the dry etching, is introduced through a gas 
generated as above described. Since the etching gas is 60 supply pipe 9 into the processing chamber «, andpres- 
supplied through the blow-off ports 102a, gas flow is sure within the processing chamber is controlled to a 
almost exhausted from an opening provided on the prescribed pressure by a pressure control system (not 
shield plate 105 and gas fa supplied into the processing shown) connected to an exhaust bole. Microwaves ot 
chamber by diffusion. Under the condition that the 2.45 GHz generated by a magnetron 3 is introduced 
pressure during the processing is about 1 Pa, since the 65 through a waveguide 2 to the cavity resonator L A 
diffusion becomes large, the etching is supplied uni- strong electromagnetic field is generated by resonance 
formly to the whole surface of the wafer by the diflu- within the cavity resonator 1, and a strong surface cur- 
sion A high frequency of 13.56 MHz is applied to the rent flows at the inner wall thereof. As a result, uucro- 
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waves are radiated from slo^S/and 5e of the slot plate of the cylinder. Microwaves generated £ «*JW 

^m^Moc^a chamber 6. In this case, since tron 3 are introduced through a waveguide 2 into a 

n^^J^M^^ field intensity are radi- cavity resonator 1. The automatic stub tuner 210 ^r- 

SSeTt 3/inLcenter region, theplasmacan ates the cylinder 210* and 

be generated easily 'if the plasma is generated, a signal is 5 the position where the stopper 210* abuts the stopper 
generated from a plasma detector 203 to a control sys- 210* In this state, the plasma is not yet generated in the 
£n(not shown), and the cylinder 202 is operated based processing chamber 6. In this case, since matching char- 
on the signal and the locking plate 201 is operated and acteristics of the microwaves are in the degree ot cou- 
slot 5 is locked or closed. And then microwaves are pling Cl shown by broken line curve in FIG. 16, and the 
radiated only through the slots 5e, whereby the plasma io reflection factor also is as small as Ri and the matching 
density on the peripheral portion of the processing ^ sufficient, microwaves of a strong electric field can be 
chamber 6 is raised and the plasma density at the center ra diated from the slot 5a whereby plasma can be easily 
portion is lowered, thus the plasma density distribution generated in the processing chamber 6. If the plasma is 
being more uniform as a whole can be obtained. As a gener ated, since the degree of coupling is varied and 
result, CVD or dry etching with high uniformity can be 15 transfcrrcd to matching characteristics shown by the 
realized, and reliability and yield of products can be ^ ^ curve of rG. 16, when the matching state 
improved. According to the embodiment as above de- rcmains m the con dition of the degree of coupling Ci 
scribed, the plasma can be generated easily and I the ^ ^ plasma generation, the reflection factor is 
uiiiformity of the wafer processing can beimproved. siKmflcant ly increased from Ri to R 3 and the reflection 
In addition to the above-mentioned method, genera. 20 /V excessive so that sufficient microwaves are not 
tion of the plasma can be made easy by following meth- ^ ^ resonator 1 after the plasma gen- 

P 0 ** 1011 of f orm ed so that the degree of coupling becomes C* and 

microwaves sufficient for plasma generation can be 

G\ +— suppUed. Thereby, plasma generation becomes easy, 

and the generated plasma can be maintained stably, 
where Gi is the value after correction of the wavelength 30 since the automatic stub tuner 210 does not require a 

for the dielectric constant of the quartz plate 4. In this complicated control system, it is formed at low cost and 

case, if the microwaves are radiated into the processing moreover has high reproducibility in structure and 

chamber 6, the standing wave of the microwaves is therefore can be operated for a long time with stable 

generated between the slot plate 5 and the stage 7 and performance. ^ AtL ^ , 

effect preventing of attenuation of the electric field Although microwaves of a frequency 2.45 GHz have 

intensity of the radiated microwaves, whereby the described, it is apparent that similar states may be 

plasma can be generated easily. After the plasma gener- produced utilizing different frequencies Since plasma 

ation, the stage 7 may be moved up and down so that generation by the microwaves can be effected stably 

the electrode distance Gt becomes favorable for the from a low microwave power to a high microwave 

wafer processing. power, the plasma can be processed over wide plasma 

In a second method, the high-frequency power proce ssing condition. The processing can be performed 

source 11 is operated before the generation of the ^ optimum condition corresponding to an article 

plasma by radiation of the microwaves, and the high- t0 ^ p rocC ssed as an object. Consequently, in the case 

frequency voltage is applied between the stage 7 and the of etching? a f me pattern can be formed with good accu- 

slot plate 5 or the processing chamber 6 so that rare Also in the case of CVD, intended film quality, 

plasma is generated. In this state, if the microwaves are coverage or the like can be easily obtained. Since the 

generated from the slot 5, electrons existing in the rare , of ^^aves j, made uniform, the uniformity 

plasma are accelerated by the electric field of the micro- Qf the plasma processing can be improved and semicon- 

waves and have higher energy, whereby ionization of elements ^ fine pattern dimensions can be 

the gas molecules is promoted. As a result, the plasma ot produC ed with good yield. Furthermore, a choke flange 

high density can be generated Sine* the rare plasma by £ tructurc ^ formtd between the stage and the earth 

high frequency is generated before the radiation of the ^ ^ lcakage of tne microwaves through the 

microwaves in this manner, a strong electric field of ^^on material 8 can be prevented and safety can be 

microwaves usually required for the plasma generation ^ ^ ^ 

becomes unnecessary. Thereby, the slot 5/ at the center we lu!Vt shown and described several embodi- 

region of the slot plate 5 also becomes unnecessary. accordance with the present invention, it is 

Consequently, the plasma of high density can be mam- mdmtood ^ the same is not limited thereto but is 

tained by only the slot Se at the peripheral side, and the ibl t0 numerous changes and modifications as 

uniformity of the wafer processing can be also im- ^ *«P ^ ^ Qf $m ^ ^ ^ ^ we thcrc . 

^theremb^^ ^nT,^ 
that only the different points will be described. In FIG. claims 

*^»^SSaS,S5 e apparatus comprising: . 

tuner bar 210a. a cylinder 210e, and a fixing bracket 210/ waves; 
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waveguide means for supplying microwaves gener- 
ated by the microwave generator means; 

cavity resonator means for resonating the micro- 
waves supplied by the waveguide means; 

plasma processing chamber means, the plasma pro- 5 
cessing chamber means being coupled to the cavity 
resonator means for receiving resonated micro- 
waves therefrom and for generating a plasma 
therein, the plasma processing chamber means hav- 
ing means for holding a substrate for plasma pro- 10 
cessing, means for introducing a plasma processing 
gas to the plasma processing chamber means, and 
means for exhausting gas therefrom; 

separation plate means for separating the cavity reso- 
nator means and the plasma processing chamber 15 
means and for enabling resonated microwaves to 
be transmitted therethrough from the cavity reso- 
nator means to the plasma processing chamber 
means; and -n 

slot plate means disposed in the cavity resonator 
means in opposition to a surface of the substrate for 
enabling radiation of the resonated microwaves to 
the plasma processing chamber means through the 
separation plate means, the slot plate means includ- ^ 
ing at least one set of circumferentially extending 
slots for enabling radiation of resonated micro- 
waves having a power density of at least 1 W/cm 2 . 

2. A plasma processing apparatus according to claim 
1, wherein the slot plate means enables a power density 3Q 
of 30-50 W/cm 2 . 

3. A plasma processing apparatus according to claim 
1, wherein the at one least set of circumferentially ex- 
tending slots delimit a cross-sectional area of the slots of 
5-130 cm 2 for enabling impedance matching. 35 

4. A plasma processing apparatus according to claim 
1, wherein a diameter Di of a center line of the at least 
one set of circumferentially extending slots has a prede- 
termined relation to a separation distance G between 
the separation plate means and the substrate. 40 

5. A plasma processing apparatus according to claim 
4, wherein the predetermined relation is D\ — (0.75-3)G. 

6. A plasma processing apparatus according to claim 
4, wherein the predetermined relation is £>i=(l-3)G. 

7. A plasma processing apparatus according to claim 45 
4, wherein the holding means for holding the substrate 
includes means for varying the separation distance G. 

8. A plasma processing apparatus according to claim 
1, wherein the slot plate means includes a plurality of 
sets of circumferentially extending slots, the plurality of 50 
sets of slots being spaced from one another in a radial 
direction, each set of slots delimiting increasing cross- 
sectional areas in the outward radial direction so as to 
enable radiation of resonated microwaves of substan- 
tially the same power density from each set of slots. 55 

9. A plasma processing apparatus according to claim 
1, wherein the slot plate means includes a plurality of 
sets of circumferentially extending slots, the plurality of 
slots being spaced from one another in the radial direc- 
tion, an inner set of slots being arranged to oppose a 60 
portion of the surface of the substrate and an outer set of 
slots being arranged at a position disposed outwardly 
with respect to the outer circumference of the surface 
of the substrate. 

10. A plasma processing apparatus according to claim 65 
1, further comprising magnetic field means disposed in 
said plasma processing chamber means for enabling 
generation of a magnetic field therein. 



11. A plasma processing apparatus according to claim 
10, wherein the magnetic field means comprises a mag- 
netic plate member. 

12. A plasma processing apparatus according to claim 
1, wherein the processing chamber means is configured 
as a cavity resonator. 

13. A plasma processing apparatus according to claim 
1, further comprising means for modulating the micro- 
waves introduced into the cavity resonator means. 

14. A plasma processing apparatus according to claim 
13, wherein the modulating means includes detecting 
means coupled to the plasma processing chamber means 
for detecting the plasma therein, and means responsive 
to the detected output for controlling the microwave 
generator means for modulating the microwaves sup- 
plied to the waveguide means. 

15. A plasma processing apparatus according to claim 
1, further comprising tuner means coupled to the wave- 
guide means for enabling impedance matching. 

16. A plasma processing apparatus according to claim 
1, wherein the plasma processing gas introducing means 
includes a plurality of blow-off ports disposed at a sub- 
stantially uniform pitch about the plasma processing 
chamber means at a position disposed outwardly with 
respect to an outer circumference of the substrate. 

17. A plasma processing apparatus according to claim 
15, wherein the plurality of blow-off ports are arranged 
one of above and below the surface of the substrate. 

18. A plasma processing apparatus according to claim 
1, further comprising means for one of heating and 
cooling the substrate. 

19. A plasma processing apparatus comprising: 
microwave generator means for generating micro- 
waves; 

waveguide means for supplying microwaves gener- 
ated by the microwave generator means; 
cavity resonator means for resonating the micro- 
waves supplied by the waveguide means; 
plasma processing chamber means, the plasma pro- 
cessing chamber means being coupled to the cavity 
resonator means for receiving resonated micro- 
waves therefrom and for generating a plasma 
therein, the plasma processing chamber means hav- 
ing means for holding a substrate for plasma pro- 
cessing, means for introducing a plasma processing 
gas to the plasma processing chamber means, and 
means for exhausting gas therefrom; 
separation plate means for separating the cavity reso- 
nator means and the plasma processing chamber 
means and for enabling resonated microwaves to 
be transmitted therethrough from the cavity reso- 
nator means to the plasma processing chamber 
means; and 

slot plate means disposed in the cavity resonator 
means in opposition to a surface of the substrate for 
enabling radiation of the resonated microwaves to 
the plasma processing chamber means through the 
separation plate means, the slot plate means includ- 
ing at least one set of circumferentially extending 
slots delimiting a cross-sectional area of the slots of 
5-130 cm 2 for enabling impedance matching 
20. A plasma processing apparatus according to claim 
19, wherein the slot plate means includes a plurality of 
sets of circumferentially extending slots, the plurality of 
slots being spaced from one another in the radial direc- 
tion, an inner set of slot being arranged to oppose a 
portion of the surface of the substrate and an outer set of 
slots being arranged at a position disposed outwardly 
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with respect to the outer circumference of the surface 
of the substrate. 

21. A plasma processing apparatus according to claim 
19, further comprising magnetic field means disposed in 
said plasma processing chamber means for enabling 5 
generation of a magnetic field therein. 

22. A plasma processing apparatus according to claim 
21, wherein the magnetic field means comprises a mag- 
netic plate member. 

23. A plasma processing apparatus according to claim 10 
19, wherein the processing chamber means is config- 
ured as a cavity resonator. 

24. A plasma processing apparatus according to claim 
19, further comprising means for modulating the micro- 
waves introduced into the cavity resonator means. 15 

25. A plasma processing apparatus according to claim 
24, wherein the modulating means includes detecting 
means coupled to the plasma processing chamber means 
for detecting the plasma therein, and means responsive 
to the detected output for controlling the microwave 20 
generator means for modulating the microwaves sup- 
plied to the waveguide means. 

26. A plasma processing apparatus according to claim 
19, further comprising tuner means coupled to the 
waveguide means for enabling impedance matching. 25 

27. A plasma processing apparatus according to claim 
19, wherein the plasma processing gas introducing 
means includes a plurality of blow-off ports disposed at 
a substantially uniform pitch about the plasma process- 
ing chamber means at a position disposed outwardly 30 
with respect to an outer circumference of the substrate. 

28. A plasma processing apparatus according to claim 
27, wherein the plurality of blow-off ports are arranged 
one of above and below the surface of the substrate. 

29. A plasma processing apparatus according to claim 35 
19, further comprising means for one of heating and 
cooling the substrate. 

30. A plasma processing apparatus comprising: 
microwave generator means for generating micro- 

waves; 

waveguide means for supplying microwaves gener- 
ated by the microwave generator means; 

cavity resonator means for resonating the micro- 
waves supplied by the waveguide means; 

plasma processing chamber means, the plasma pro- 45 
cessing chamber means being coupled to the cavity 
resonator means for receiving resonated micro- 
waves therefrom and for generating a plasma 
therein, the plasma processing chamber means hav- 
ing means for holding a substrate for plasma pro- 50 
cessing, means for introducing a plasma processing 
gas to the plasma processing chamber means, and 
means for exhausting gas therefrom; 

separation plate means for separating the cavity reso- 
nator means and the plasma processing chamber 55 
means and for enabling resonated microwaves to 
be transmitted therethrough from the cavity reso- 
nator means to the plasma processing chamber 
means; and 

slot plate means disposed in the cavity resonator 60 
means in opposition to a surface of the substrate for 
enabling radiation of the resonated microwaves to 
the plasma processing chamber means through the 
separation plate means, the slot plate means includ- 
ing at least one set of circumferentially extending 65 
slots having a diameter Di of a center line of the at 
least one set of circumferentially extending slots 
having a predetermined relation to a separation 



distance G between the separation plate means and 
the substrate. 

31. A plasma processing apparatus according to claim 
30, wherein the predetermined relation is 
2>|=(0.75-3)G. 

32. A plasma processing apparatus according to claim 
30, wherein the predetermined relation is Z>i=(l-3)G. 

33. A plasma processing apparatus according to claim 
30, wherein the holding means for holding the substrate 
includes means for varying the separation distance G. 

34. A plasma processing apparatus according to claim 
30, further comprising tuner means coupled to the 
waveguide means for enabling impedance matching. 

35. A plasma processing apparatus according to claim 
30, wherein the plasma processing gas introducing 
means includes a plurality of blow-off ports disposed at 
a substantially uniform pitch about the plasma process- 
ing chamber means at a position disposed outwardly 
with respect to an outer circumference of the substrate. 

3$. A plasma processing apparatus according to claim 
35, wherein the plurality of blow-off ports are arranged 
one of above and below the surface of the substrate. 

37. A plasma processing apparatus according to claim 
30, wherein the slot plate means includes a plurality of 
sets of circumferentially extending slots, the plurality of 
sets of slots being spaced from one another in a radial 
direction. 

38. A plasma processing apparatus according to claim 
30, further comprising means for closing at least a part 
of at least one set of circumferentially extending slots. 

39. A plasma processing apparatus comprising: 
microwave generator means for generating micro- 
waves; 

waveguide means for supplying microwaves gener- 
ated by the microwave generator means; 
cavity resonator means for resonating the micro- 
waves supplied by the waveguide means; 
plasma processing chamber means, the plasma pro- 
cessing chamber means being coupled to the cavity 
resonator means for receiving resonated micro- 
waves therefrom and for generating a plasma 
therein, the plasma processing chamber means hav- 
ing means for holding a substrate for plasma pro- 
cessing, means for introducing a plasma processing 
gas to the plasma processing chamber means, and 
means for exhausting gas therefrom; 
separation plate means for separating the cavity reso- 
nator means and the plasma processing chamber 
means and for enabling resonated microwaves to 
be transmitted therethrough from the cavity reso- 
nator means to the plasma processing chamber 
means; and 

slot plate means disposed in the cavity resonator 
means in opposition to a surface of the substrate for 
enabling radiation of the resonated microwaves to 
the plasma processing chamber means through the 
separation plate means, the slot plate means includ- 
ing a plurality of sets of circumferentially extend- 
ing slots, the plurality of sets of slots being spaced 
from one another in a radial direction, each set of 
slots delimiting increasing cross-sectional areas in 
the outward radial direction so as to enable radia- 
tion of resonated microwaves of substantially the 
same power density from each set of slots. 
40. A plasma processing apparatus according to claim 
39, wherein the slot plate means includes a plurality of 
sets of circumferentially extending slots, the plurality of 
slots being from one another in the radial direction, an 
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inner set of slots being arranged to oppose a portion of separation plate means for separating the cavity reso- 

the surface of the substrate and an outer set of slots nator means and the plasma processing chamber 

being arranged at a position disposed outwardly with means and for enabling resonated microwaves to 

respect to the outer circumference of the surface of the be transmitted therethrough from the cavity reso- 

substrate. 5 nator means to the plasma processing chamber 

41. A plasma processing apparatus according to claim means; and 

39, further comprising tuner means coupled to the means for modulating the microwaves introduced 

waveguide means for enabling impedance matching. into the cavity resonator means. 

42. A plasma processing apparatus according to claim 45. A plasma processing apparatus according to claim 
39, wherein the plasma processing gas introducing 10 44, wherein the modulating means includes detecting 
means includes a plurality of blow-off ports disposed at means coupled to the plasma processing chamber means 
a substantially uniform pitch about the plasma process- for detecting the plasma therein, and means responsive 
ing chamber means at a position disposed outwardly to the detected output for controlling the microwave 
with respect to an outer circumference of the substrate. generator means for modulating the microwaves sup- 

43. A plasma processing apparatus according to claim 15 plied to the waveguide means. 

42, wherein the plurality of blow-off ports are arranged 46. A plasma processing apparatus according to claim 

one of above and below the surface of the substrate. 44, further comprising tuner means coupled to the 

44. a plasma processing apparatus comprising: waveguide means for enabling impedance matching, 
microwave generator means for generating micro- 47. A plasma processing apparatus according to claim 

waves; 20 44, further comprising magnetic field means disposed in 

waveguide means for supplying microwaves gener- said plasma processing chamber means for enabling 

atcd by the microwave generator means; generation of a magnetic field therein, 
cavity resonator means for resonating the micro- 48. A plasma processing apparatus according to claim 
waves supplied by the waveguide means; 44, wherein the magnetic field means comprises a mag- 
plasma processing chamber means, the plasma pro- 25 netic plate member. 

cessing chamber means being coupled to the cavity 49. A plasma processing apparatus according to claim 
resonator means for receiving resonated micro- 44, further comprising slot plate means disposed in the 
waves therefrom and for generating a plasma cavity resonator means for enabling radiation of the 
therein, the plasma processing chamber means hav- resonated microwaves to the plasma processing chain- 
ing means for holding a substrate for plasma pro- 30 ber means through the separation plate means, the slot 
cessing, means for introducing a plasma processing plate means including at least one set of circumferen- 
gas to the plasma processing chamber means, and tially extending slots, 
means for exhausting gas therefrom; * * * 
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